SUMMARY Tilt-table polygraphic study in four patients with Shy-Drager syndrome demonstrated periodic apnoea in the erect posture. In one patient reduced hypercapneic ventilatory response and necropsy findings of neuronal loss and astrocytosis in the pontine tegmentum suggested dysfunctional respiratory neurones in the brainstem. One patient had Cheyne-Stokes respiration during the late stage of the illness.
Postural changes of respiration in normal individuals were described by Turner (1927) , Hamilton et al. (1932) , Main (1937) , McMichael (1938) , and Franseen and Hellebrandt (1943) . These changes consist of increase in the rate of respiration and ventilation, and decrease of alveolar CO2. However, little attention has been paid to the postural responses of respiration in primary orthostatic hypotension. Verel (1951) described three patients with primary orthostatic hypotension in whom the rate and depth of respiration on standing increased as the blood pressure fell. We report four patients with the Shy-Drager variant of primary orthostatic hypotension who demonstrated a striking periodicity in breathing during head-up tilt.
Case reports
Cases 1 and 2 have been published previously (Chokroverty et al., 1969) as cases 2 and 3 respectively.
CASE 1
In April 1967, a 52 year old man was admitted to the Neurology Service for investigation of syncopal episodes on standing, urinary frequency and incontinence of four years' duration, and impotence for 10 years.
On examination, the average readings of blood pressure and pulse rate in lying, sitting, and standing positions were as follows: lying, 160/90 mmHg amination, he had brisk but symmetrical muscle stretch reflexes, absent superficial abdominal and cremasteric reflexes, and extensor plantar responses bilaterally.
In December 1968, additional neurological findings consisted of slight impairment of recent memory and an expressionless face. He was receiving 9-alpha-fluorohydrocortisone 1.2 mg a day.
In May 1969 he had pneumonia and generalised seizures, and he died on 14 May 1969.
On postmortem examination bronchopneumonia, mild cardiomegaly, passive congestion of the liver, and chronic cystitis were present. The brain weighed 1430 g. Macroscopically, coronal slices through the cerebral hemispheres, basal ganglia, mesencephalon, and cerebellum were normal except for moderate, symmetrical dilatation of the cerebral ventricular system and the fourth ventricle. Transverse sections through the brainstem and cerebellum were noteworthy only for an impression of slight atrophy of the pons.
Blocks of the frontal, parietal, temporal, and occipital lobes, basal ganglia, thalamus, midbrain, pons, medulla, cerebellum, spinal cord, peripheral nerves, and skeletal muscle were embedded in paraffin, and stained with haematoxylin-eosin, Weil, Holzer, Nissl (cresyl violet) , and Bodian techniques. There were no noteworthy abnormalities of the cerebral cortex and white matter.
The putamen had a spongiform appearance and showed a marked loss of nerve cells accompanied by reactive gliosis. There was striking pallor of the striate bundles with myelin sheath stains. These alterations were most marked in the lateral half or two-thirds of this structure. Sections through pallidum, hypothalamus, and thalamus did not disclose abnormality. Mild spongiform changes with astrogliosis were noted in the claustrum. There were marked losses of pigment and nerve cells, and moderately severe reactive gliosis in the substantia nigra. Severe gliosis was evident in the inferior colliculi and the periaqueductal region. There was no abnormality of the pyramidal tracts or the superior cerebellar peduncle. Within the pontine tegmentum there was neuronal loss and diffuse astrocytosis (Fig. 1 (Lambersten, 1960 in case 1 and low norma position in cases 1 and 4 (T 
Discussion
The presence of severe accompanied by pyramida and cerebellar dysfunctio: tions, laboratory evidence (Chokroverty et al., 1969) (Turner, 1927; Hamilton e ,hed ventilatory response McMichael, 1938; Franseen and Hellebrandt, ) ) in the supine position 1943), although Franseen and Hellebrandt (1943) tl response in the erect described two normal adult women who exhibited able and Fig. 5) .
"a periodicity in amplitude occasionally so marked as to resemble Cheyne-Stokes respiration". The type of breathing in our patients resembled that noted in pontomedullary disease (Plum, 1970) . The mildly reduced ventilatory response to inhalation E of CO2 in case 1 (Fig. 5) In conclusion, although the periodically recurbreathing followed by ring respiratory dysrhythmia in the erect position ion in the erect position. may not be specific for the Shy-Drager syndrome, is different from the to our knowledge this type of breathing abnorf gradually increasing mality in the erect posture has not been described creasing tidal volume. previously in this entity. Furthermore, we did not nriod of apnoea of up to observe periodic apnoea in the upright posture on in normal individuals, a tilt-table in nine patients with another chronic each lasting for [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] neurodegenerative disease, familial and sporadic ling in the erect position spinocerebellar degeneration (unpublished observaIdition, the normal re-tions), four of whom had normal Valsalva stress of tilting upward responses but mild orthostatic hypotension on and depth of breathing tilting the table upward (Chokroverty and Xt al., 1932; Main, 1937; Sachdeo, 1978) .
Note added in proof Since submitting the manuscript we have found another report of respiratory abnormality in Shy-Drager syndrome (Castaigne et al., 1977) . The authors described a 65 year old man who had alveolar hypoventilation of central origin, arrhythmic respiration, many episodes of apnoea, and probable apneustic breathing four years after the onset of the disease. Necropsy findings included degenerative lesions in the substantia nigra, pontine nuclei, locus coeruleus, and intermediolateral column of the spinal cord. 
